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The ischemia caused by hepatic dearterialization as therapy for hepatic malignancies is transient because
of the rapid formation of collaterals. In order to prevent this transient repeated ischemia has been
suggested.
An experimental study was planned to compare the collateral occurrence in persistent ischemia and
transient repeated ischeamia of the liver. Fourteen dogs (seven persistent ischemia, seven transient repeated
ischemia) were used in this study. Hepatic dearterialization were performed in both groups. In the first group
(persistent ischemia), the hepatic artery was ligated proximal to the gastroduodenal artery. In the second
group (transient repeated ischemia), the hepatic artery was occluded externally in the same region as the first
group by means of a device modified from 8 guage Foley catheter and after occlusion for one hour it was
reopened. Occlusions were repeated twice in a day. Five dogs in the first group and six dogs in the second
group completed a three weeks ischemia period and angiography were then performed in all. The dogs were
sacrificed after the angiography and examined for possible abscess formation, arterial thrombosis, peritoneal
adhesions and liver necrosis. After angiography, the two groups were also examined for collateral occur-
rence. Only one collateral occurred in the transient repeated ischemia group, but in the persistent ischemia
group, collaterals occurred in all dogs. This difference between two groups is statistically significant (Fischer
Absolute Chi Square Test, p=0.013).
Transient repeated ischemia is superior to persistent ischemia because of fewer collaterals, but in
practise, total dearterialization of the liver is impossible.
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INTRODUCTION
Use ofischemia to produce necrosis is a relatively new
approach in the treatment of hepatic tumors. The
objective in this appraoch is to protect the normal
hepatic parenchymal structures while maximizing the
damage to tumor cells. Preservation of the normal
parenchyme is attributed to the dual blood supply of
the liver. Meanwhile, maximumdamage to tumor cells
is dependant on the fact that the major supply of liver
tumors is by arteries 1’2’. However, permanent obstruc-
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tion of the hepatic artery results in swift development
of collateral branches; thus preventing effective and
successful results 12’20’24’3’31’44. After the importance of
oxygen-derived free radicals was clarified in relation to
the physiopathology of ischemia-reperfusion, it
was found that intermittent ischemia proved to
42 46 be much more effective than permanent ischemia
The dual blood flow to the liver explains the
swift formation of oxygen-derived free radicals.
When the hepatic artery is ligated, the partial oxygen
pressure in the portal vein is sufficient to provide
both ischemic changes and development of oxygen-
42 derived free radicals Supported by the studies car-
ried out by Mack et al., this view has put forward the
advantages and superiority of intermittent ischemia
attacks over permanent ischemia in treatment of he-
27 patic tumors
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MATERIALS AND METHODS
In this study 14 dogs, 7 male and 7 female, and weigh
in between 11 and 28 kg (average: 20.5 kg) were used.
Two groups were formed, each including 7 dogs. One
dog was used for control. Subjects were left overnight
without food or water.They were anesthetized with 25
mg/kg thiopentone sodium and given an intravenous
injection of 100 mg/kg third generation cepholosporin.
Under a an aesthesial abdomen was opened through
a mid-line incision. All connections; falciform, coro-
nary and triangular ligaments, the lesser omentum,
portal vein, common bile duct and hepatic artery
within the hepatoduodenal ligament, were
desserted out. The hepatic artery was isolated upto the
point where it entered the liver. Full mobilization of
the liver was achieved through sharp and blunt dissec-
tion until the hepatic veins were reached. Through this
method the liver was freed of all arterial connections
and dearterialization was accomplished. In order to
avoid necrosis, the gallbladder was removed in all
subjects.
In the first group (permanent ischemia group), the
hepatic artery was ligated proximal to the gastro-
duodenal artery using No. Vicryl. In the second
group, in order to attain intermittent ischemia, a de-
vice prepared with a No. 8 Foley catheter was placed
proximal to the gastroduodenal artery (Fig. 1). The
cuff of the device was wrapped around the hepatic
artery and was fixed with fine non-absorbable sutures.
The balloon of the Foley catheter was inflated and by
external pressure arterial flow was completely ob-
structed. The amount offluid sufficient to stop theflow
was recorded. The gastroduodenal artery was cath-
eterized by a 0.8 x 1.4mm, 45 cm radio-opaque silicon
catheter. After bleeding was checked, the tips of the
catheter and Foley catheter were laben to the surface
of the abdomen, after which they were fixed to the
abdominal skin. In order to prevent any possible dam-
age, the catheters were placed in previously prepared
metallic covers. After 24 hours, only water was given
orally to the dogs; and on the second day, their normal
diet was begun. In the second group, beginning from
the forth day after the operation, the hepatic artery
was obstructed twice a day for a period of one hour.
During these periods no sedatives were given to the
subjects. Antibiotics were administered until the 7th
postoperative day.
At the end of the third week, angiographs were
taken. Subjects were anesthetized with pentothal be-
fore angiography, and Urografin %76
TM was manu-
ally injected by a 10 ml injector into the heparinized
catheter which had been placed beforehand. Under
screening, angiographs were taken at the time when
dispersion was optimal.
At post-mortem exam in action a check was made
for abscess or adhesion, and thrombus within the
hepatic artery, after which liver biopsies were taken.
Figure 1 To achieve intermittent ischemia, a special device was prepared by using a no: 8 Foley catheter (See color plate I)ISCHEMIA OF THE LIVER 37
The encouraging findings from our study, sup-
ported by data from the literature, led us to use inter-
mittent ischemia to the liver in the treatment of a
patient with a retroperitoneal malignant mesen-
chymal tumor with liver metastases, and in addition a
pathological fracture ofthe humerus. The intermittent
ischemia was performed after the tumor had been
removed. The device which was used to occlude the
hepatic artery by means ofexternal pressure (Vascular
occluder, Fig. 2) was obtained from Nelato Medical
Co., Torekov, Sweden. Occlusions were initiated on
the 12th day following the operation, together with
chemotherapy treatment which was in accordance
with the CyVADIC protocol.
RESULTS
Six subjects in the intermittent ischemia group,
completed a period of three weeks treatment under-
went angiography, collateral development was seen in
only one subject (Fig. 3).
In the permanent ischemia group, angiographs were
taken from 5 subjects which completed the three week
period, and it was found that all 5 subjects presented
recent arterial development together with collateral
vessels.
In considering collateral development, a significant
statistical distinction between the permanent and in-
termittent ischemia groups was noted, by use of
Fisher’s Chi Square Test (p 0.013) (Table.I).
One subject from the intermittent ischemia group
developed a subhepatic (in the gallbladder bed) and
a subdiaphragmatic abscess. This subject also had
intraabdominal adhesions. Adhesions were minimal in
In the first group (permanent ischemia) two subjects
died two days after the operation. In the second group
(intermittent ischemia) one subject died, again at the
second day following the operation.
The most frequent complication in the intermittent
ischemia group was infection around the catheter cov-
ering. It was found during angiography that the cath-
eters in two subjects, one from each group, had from
the artery and were situated within the abdomen.
These subjects were reoperated and the catheters re-
placed for immediate angiography.
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Figure 2 Vascular occluder assured from Nolato Medical Co., Torekov, Sweden. (See color plate II)38 ENGIN OK et al.
Figure 3 Samples from intermittent ischemia group dogs, which there isn’t any collateral formation.
other subjects of this group. Additionally, biopsies
taken from the intermittent ischemia group revealed no
ischemic findings. However, although there was
no evidence of any abscess in the permanent ischemia
group, intraabdominal adhesions were widespread.
The hepatic arteries in all subjects belonging to this
group were thrombosed. Histology ofthe liver revealed
highly dilated sinusoids encircling the central vein. The
hepatocytes in this region appeared as silhouettes in
which nuclear details could not be traced. The nuclei of
some hepatocytes which were located more peripher-
ally were seen to contain vacuoles. These hepatocytes,
compared with those situated in the central parts ofthe
lobule, were more variable (Fig. 4).
In the patient who underwent intermittent ischemic
treatment because of malign mesenchymal tumor
metastases in the liver, preoperative ultrasonography
revealed several irregularly hypoechoic solid nodular
structures in the liver. That the so lesions were reduced
in size by ultrasonography has approximately 50%
(Table. 2).
Table 2 Ultrasonographic findings of liver metastases.
Date L-1 L-2 L-3
20th May 55mm 25mm 20mm
6thJune 41 x 34mm 24 x 20mm 17 x 15mm
12June 48 x 30mm 20 x 18mm 15 x 13mm
3July 23 x 19mm 18 x 17mm 11 x 12mm
15July 17 x 13 15 x 16mm 12 x 13mm
12 Aug 15 x 16mm 10 x 10mm No lesion
During arterial occlusion the patient suffered no
discomfort. However, the patient died at home in the
second week of September. Since no autopsy was car-
ried out, the exact cause of death is unclear.
DISCUSSION
The development of arterial collaterals after perma-
nent dearterialization has suggested the need for inter-
mittent dearterialization. The application of transient
dearterialization depended on devices that would first
block, and than un block the hepatic artery. A variety
of devices were prepared to achieve this aim.
One of these devices, the strangulating slings,
brought with them several complications such as arte-
rial wall damage and aneurysms 16. A balloon-catheter
placed within the lumen of the hepatic artery, had the
disadvantages of hepatic artery thrombosis and re-
quired vast doses of heparin for prevention of throm-
bosis 17’18. A device that blocks the hepatic artery by
exerting external pressure has proved to minimize
complications such as aneurysms and thrombosis4’42.
The device used on subjects in our study was made
from a No. 8 Foley catheter. This device produced
complete obstruction of the hepatic artery, without
any problems.
The vascular occluder (Fig. 2) that was used to
obstruct the hepatic artery by external pressure, was
very well tolerated by the patient. Although occlu-ISCHEMIA OF THE LIVER 39
Figure 4 Seventh dog in permanent ischemia group, with H-E 10. (See color plate III)
sions were performed in the hospital, it could easily be
done by relatives or even the patient himself.
The complete dearteriazation of the liver is an
extremely difficult task. It is known that with perma-
nent dearterialization, collaterals develop within a
period of 4 days 12. Collateral vessels developed in
5 subjects in 3-weeks in our permanent ischemia
group.
Meanwhile, in the intermittent ischemia group, only
one subject among the six which completed 3-weeks
period, showed collateral development. No collateral
development was observed in the remaining 5 subjects.
Fisher’s Chi Square Test indicated a marked statistical
difference (p 0.013) between the two groups, regard-
ing development of collaterals.
Experimental studies have pointed out that
collaternals do not develop with obstruction periods of2
hours and less, in subjects without tumors43. In our study
it was shown that collateral development was minimal in
subjects without tumors undergoing twice daily, hour
occlusion. However, we belive it may be misleading to
arrive at a definite conclusion with subjects without a
tumor. In cases in which a tumor is present, the vascula-
rity of the tumor is controlled by a variety ofangiogenic
factors26. Angiographic studies carried out in rats both
with and without tumors, have indicated that with the
obstruction of the common hepatic artery, previously
existent arterial connections between the left gastric and
hepatic arteries are immediately opened up. These con-
nections are neither dependant on the duration of ob-
struction, nor is it possible to remove them surgically27.
The liver biopsies taken from the permanent
ischemia group revealed histopathological findings of
ischemia; whereas in the intermittent ischemia group
there was no change.
Two subject from the permanent ischemia group and
one from the intermittent ischemia group died. It was
understood that the death of the subjects from the latter
group was due to hypovolemia caused by bleeding; how-
ever the deaths of the two subjects in the former group
(48 hours after the operation) may be due to sepsis from
a delay in antibiotic administration. For it is known that
there are anaerobic, gram-positive bacilli with spores
that reside as saprophytes within the liver of dogs 15.
Although abscess formation is a complication
which would be expected to be more frequent in the
permanent ischemia group16’2, it was found in only
one subject in the intermittent ischemia group, thus
could be due to contamination.
The device which was placed subcutaneously in the
patient was very well tolerated, and his treatment pro-
ceeded without any complication until his death. The
50% reduction in size of the metastatic lesions can be
considered as a partial response. We believe this can-
not be attributed solely to the ischemic treatment, nor
solely to systemic chemotherapy. The response is most
probably due to the combination’39.
The results obtained from this study are as follows:
1-Due to swift development of collaterals, ischemia
following permanent hepatic dearterialization is
temporary.40 ENGIN OK et al.
2-Complete dearterialization of the liver is not pos-
sible; however collateral development is minimal after
intermittent dearterialization.
3-Intermittent dearterialization is an applicable
method and presents a low complication rate.
4-Minimal collateral development is achieved
through intermittent occlusions applied twice daily
for a period of 60 minutes.
5-Intermittent dearterialization is a method which
proves to be well tolerated and has the advantages of
being applicable at home by the patient himself.
6-Determination of the effects of ischemic treat-
ment ofhepatic tumors is dependant on investigations
based on experimental (in tumor bearing animals) and
clinical studies and should include comparisons with
other treatments.
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